Abstract Native microflora in raw milk cheeses, including the Mexican variety Queso Chihuahua, contribute to flavor development through degradation of milk proteins. The effects of proteolysis were studied in four different brands of Mexican Queso Chihuahua made from raw milk. All of the cheeses were analyzed for chemical and sensory characteristics. Sensory testing revealed that the fresh cheeses elicited flavors of young, basic cheeses, with slight bitter notes. Analysis by gel electrophoresis and reverse phasehigh performance liquid chromatography (RP-HPLC) revealed that the Queseria Blumen (X) and Queseria Super Fino (Z) cheeses show little protein degradation over time while the Queseria America (W) and Queseria Lago Grande (Y) samples are degraded extensively when aged at 4°C for 8 weeks. Analysis of the mixture of water-soluble cheese proteins by mass spectrometry revealed the presence of short, hydrophobic peptides in quantities correlating with bitterness. All cheese samples contained enterococcal strains known to produce enterocins. The W and Y cheese samples had the highest number of bacteria and exhibited greater protein degradation than that observed for the X and Z cheeses.
Introduction
Hispanic foods in the United States are gaining popularity as the number of immigrants originating from Mexico, Latin and South America are on the rise. This growing population has led to an increase in demand for authentic Hispanic foods. These foods include Mexican artisanal cheeses with unique taste and functional properties, not associated with pasteurized varieties available in the American market. In many instances, such raw milk cheeses may contain contaminant bacteria that are not permitted in foods in the U.S. Understanding the distinct characteristics of these cheeses, with specific attention to texture, flavors and the factors that influence cooking properties, will aid in addressing the needs of the Hispanic population in the U.S. Characterization of the peptides resulting from proteolysis and sensory analyses can help in selecting processes that may impart distinctive flavor and texture properties to these foods. These cheese-making processes in combination with pasteurization may lead to the development of Quesos Chihuahua suitable for sale in the U.S.
Queso Chihuahua is a semi-hard young cheese made from raw cows' milk, consumed by the Mennonite population in the Mexican state of Chihuahua. It has a flavor similar to mild Cheddar cheese (Kosikowski and Mistry 1997) . Queso Chihuahua is usually sent to the marketplace within 3 weeks of manufacture and is typically consumed within 30 days of production. This, however, violates the U.S. standard for selling raw milk cheeses, which requires a holding period of 60 days (Code of Federal Regulations 2004) . Additionally, Mexican regulations (Dirección General de Normas 1994) require that cheeses sold within 100 days of manufacture (i.e., fresh cheeses) should be made from pasteurized milk only. Therefore, in order to prepare a Queso Chihuahua from pasteurized milk that conforms to both U.S. and Mexican regulations, it is necessary to identify factors within the cheese-making process and overall characteristics of the final product that give Queso Chihuahua its distinct properties.
A major factor determining the flavor and texture of a cheese product is in the bacterial cultures that are used in its production. Starter cultures are intentionally added to pasteurized milk in order to develop a specific type of cheese. In raw milk artisanal cheeses, the bacteria involved are indigenous to the milk used in cheese-making (Hayaloglu et al. 2005) . Microbial fermentation in the cheese matrix influences texture as well as flavor during cheese ripening. Bacterial proteinase and peptidase enzymes degrade milk proteins, resulting in smaller peptides and free amino acids that significantly contribute to the flavor of the cheese (Urbach 1997) . Such proteolysis causes softening of the cheese and changes the overall functional properties and sensory characteristics (Sousa et al. 2001) . Substantial work has been directed on study of hard and semi-hard cheeses to understand the protein degradation, especially during cheese ripening (Lau et al. 1991; Fallico et al. 2006; Ferreira et al. 2006; De Simone et al. 2009 ). However, characterization of Hispanic-style cheeses, like Queso Chihuahua, has been minimally addressed. Therefore, monitoring proteolysis in Quesos Chihuahua during the ripening process may yield valuable information which would help in understanding the flavor and textural changes that may occur in cheese with time (Sousa et al. 2001) .
Understanding how the native microflora of raw milk influences cheese will aid in developing Queso Chihuahua from pasteurized milk with desired characteristics. Generally, flavor components in cheese are small, hydrophilic molecules and can therefore be isolated through water extraction (Salles et al. 1995; Tunick 2007a and b) . There is no single compound or class of compounds responsible for the full flavor of cheeses (Engels et al. 1997) . Peptides and proteins found in the water-soluble portion of cheese vary tremendously in their overall hydrophobicity. Numerous studies on flavor peptides isolated from a variety of cheeses have shown that the hydrophobicity of peptides in cheese matrices can have a significant influence on overall flavor (Gomez et al. 1997) .
The objective of this work is to characterize four varieties of Queso Chihuahua that are made from raw milk and understand the changes that occur in milk proteins during cheese ripening. It was attempted to identify if any correlation existed between proteolysis and the flavor of cheese.
Materials and methods

Materials
Two 1-kg packaged blocks of Queso Chihuahua were obtained within 24 h after manufacture from four different commercial cheese plants in the Chihuahua region of Mexico (Queseria America labeled W, Queseria Blumen labeled X, Queseria Lago Grande labeled Y, and Queseria Super Fino labeled Z). Samples were packed in a cooler with ice packs to keep cheeses cool (below 15°C) during its overnight shipment to Wyndmoor, PA. The cheese samples were subsequently stored at 4°C until assayed.
Methods
Composition and physical properties
Moisture content was determined on triplicate samples from each block of cheese using the forced-air oven method 948.12 (AOAC 2000) . The fat content was determined on duplicate samples from each block of cheese using the modified Babcock procedure (Kosikowski and Mistry 1997) . Total nitrogen levels were determined on duplicate samples from each block of cheese using a Nitrogen Analyzer (model FP-2000, LECO Corp., St. Joseph, MI) with the chamber set at 1050°C. Total protein content was calculated by multiplying total nitrogen with 6.38 (AOAC 2000; method 920.123). Sodium chloride content was determined on duplicate samples from each block of cheese using Quantab Chloride Titrators (Hach Co., Loveland, CO) (AOAC 2000; method 971.19). Lactose was determined on triplicate samples of warm water filtrates from each cheese block using a lactose analyzer (Application Note # 320, model YSL 2700 Select, YSI US, Yellow Springs, OH). All the Mexican cheeses were assayed for alkaline phosphatase activity using the Charm Pas Lite test (Charm Sciences, Inc., Lawrence, MA) and confirmed that all four samples were raw milk cheeses.
Sensory evaluation of cheese
Flavor evaluation of each brand of cheese was conducted as suggested by Van Hekken et al. (2006) . Portions from each block of cheese were sent to a certified microbiology laboratory prior to any sensory testing to ensure product safety. Cheeses were tested for the presence of Campylobacter, Escherichia coli O157:H7, Listeria monocytogenes, Salmonella, Staphylococcal enterotoxin, Yersinia using PCR-or fluorescence-based assays (Van Hekken et al. 2006) . Within 14 days of manufacture, six trained descriptive analysis panelists (minimum 40 h of cheese training) used the universal Spectrum TM 15-point intensity scale to identify and score the cheese flavor. Interior portions of the cheeses were cubed, placed in a capped 2-oz souffle cup, and brought to room temperature for at least 1 h prior to evaluation. Each panelist evaluated all cheeses on two consecutive days.
Protein extraction
For each sample of Queso Chihuahua (W, X, Y, and Z), water-soluble proteins were extracted in the following manner: 5 mL of extraction buffer (0.166 M Tris, 1 mM ethylenediaminetetraacetic acid, pH 8.0) was added to 2 g of cheese. This mixture was homogenized by sonication for 6 min. To this mixture, 5 mL of 7 % sodium dodecyl sulfate was added and further sonicated for 3 min. While on ice, 2 mL of 10 mm dithiothreitol was added and the solution stirred for 15 min. The resulting solution was centrifuged at 30,000g for 1 h at 4°C. The supernatant was filtered and lyophilized to yield the water-soluble protein extract (Tunick et al. 1995) .
Peptide separation
Peptide separation was carried out by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), high performance liquid chromatography (HPLC) and ultra performance liquid chromatography (UPLC). Water-soluble protein extracts of all four Quesos Chihuahua were dissolved in water to obtain 10 mg/mL concentration. Protein extract samples (900 μL) were injected and analyzed on an Agilent 1200 series HPLC instrument using a Vydac C18 reverse phase chromatography peptide column (5 μm, 4.6 mm×250 mm). Peptides were eluted using a gradient of 5 to 100 % B, 95 % to 0 % A over 55 min (where A is 0.1 % trifluoroacetic acid (TFA) in water and B is 0.086 % TFA in acetonitrile). Fractions (1.5 mL) were collected between 15 and 30 min retention times, and analyzed further by mass spectrometry (MS).
The proteins were also separated by SDS-PAGE, using a 12 % bis-tris acrylamide NuPAGE® Novex gel (Invitrogen) and the XCell SureLock™ Mini-Cell vertical gel electrophoresis system (Invitrogen). The gels were stained using SimplyBlue™ SafeStain (Invitrogen) and destained in water. The relevant bands were excised using a razor blade, destained and digested with trypsin. These smaller protein fragments were subsequently analyzed by matrix assisted laser desorption ionization-tandem time of flight mass spectrometry (MALDI-TOF/TOF MS) to obtain sequence data and identify larger proteins of origin.
Additionally, protein mixtures (1 mL total volume) extracted from the cheeses (20 mg/mL) were filtered using 10 kDa molecular weight cutoff (MWCO) Amicon Ultra® centrifugal filtration devices (Millipore, Billerica, MA). The filtrate was then passed through a 3 kDa MWCO Amicon concentrator to isolate material with mass less than 3 kDa. The second filtrate was collected and concentrated further using a Savant SpeedVac® concentrator (ThermoFisher Scientific Inc., Waltham, MA). This concentrated peptide mixture was separated by reversed-phase UPLC (RP-UPLC) using a nanoAcquity UPLC (Waters Co., Milford, MA). Samples (3-4 μl) were injected onto a Symetry C18 trap column (5 μm, 180 μm×20 mm, Waters) for salt removal, concentration, and subsequently separated on a Waters C18 RP nanocolumn (1.7 μm, 75 μm×10 cm). Elution of the columns was achieved using a 40-min aqueous gradient of 5 % to 80 % acetonitrile (0.1 % TFA) at a flow rate of 400 nL/min. The chromatographic profile was obtained with a tunable UV (TUV) detector (Waters) equipped with a nano-flow cell, and set to monitor at 214 nm with a frequency of 20 Hz. After detection, the flow was directed to a spotting Probot robot (Dionex, Sunnyvale, Ca.), where fractions were collected every 30 s onto a 144-well plate with simultaneous mixing with 1 μL of matrix (5 mg/mL, α-cyano-4-hydroxycinamic acid in 40 % acetonitrile, 0.1 % TFA) for MS analysis.
Mass Spectrometric (MS) analysis
Peptides resulting from trypsin digestion of the gel bands and UPLC spotted plates were subjected to analysis using a MALDI-TOF/TOF with a 4700 Proteomics Analyzer mass spectrometer (Applied Biosystems, Framingham, MA) in the positive reflectron mode. Spectra were obtained by averaging 1000 acquired spectra in the MS mode in the mass range of 800 to 4000 Da, and 2500 spectra in the MS/MS mode. Post source decay with the instrument operating at 1 keV acceleration voltage was used for obtaining the MS/MS spectra of the selected 15 peptides with the highest signal-to-noise ratio. Conversion of time of flight to mass (Da) for the monoisotopic ions, [M + H] + , was based on calibration of the instrument with a peptide standard calibration kit (Applied Biosystems).
All MS/MS of peptides were searched against the SwissProt database using Mascot (Matrix Science, Inc. Boston, MA) search engine through GPS Explorer Software (Applied Biosystems) with a 50 ppm for MS and 0.1 Da for MS/MS as error tolerance. Further search criteria included oxidation of methionine, formation of N-terminal pyro-glutamic acid as a variable modification, non-digestion enzyme for the UPLC fractions, and trypsin as the digestive enzyme for the gel analysis. In both analyses, the taxonomy was not specified. The signal to noise ratio for peak filtering was set at 20 for MS and 10 for MS/MS. Protein identification from gel bands was based on the combined MS and MS/MS spectra database search, while peptide identification leading to protein identification from the UPLC fractions were based on MS/MS spectra. Protein and peptides reported are with confidence of at least 95 %.
Results and discussion
Monitoring protein breakdown
Water-soluble proteins extracted from all four cheese samples (W, X, Y, and Z) prior to aging (fresh cheeses) and at 8 weeks of aging were analyzed by SDS-PAGE whose results are shown in Fig. 1 . Comparison of the fresh and 8 week samples within the gel for samples X and Z showed the presence of intact major protein bands in both sets of lanes, indicating limited protein degradation during aging of 8 weeks. However, cheese samples W and Y showed marked proteolysis with aging up to 8 weeks, as indicated by multiple casein subunits bands (thick bands between 25 and 40 kDa) that are clearly visible in the fresh samples and barely discernible after 8 weeks.
Further analysis by C18 RP-HPLC confirmed the results of SDS-PAGE, indicating limited proteolysis for samples X and Z (M. Paul, unpublished results), while significant protein degradation for samples W (Fig. 2) and Y (M. Paul, unpublished results). In the case of the X and Z samples, the majority of peaks eluted at higher retention times for fresh cheeses, corresponding to larger, intact proteins, with few peaks observed at shorter elution times suggesting few degradation products. Similar results were observed with the X and Z cheeses at 8 weeks, indicating minimal proteolysis. The W and Y elution patterns of fresh cheeses were similar to those of the X and Z cheeses, with a greater proportion (larger peak height) of intact or higher molecular weight proteins (Fig. 2a) . The 8 week aged samples of W and Y cheeses showed a decrease of material with longer retention times, and a marked increase in compounds with shorter retention times, consistent with the formation of small peptides as a result of protein degradation (Fig. 2b) . Concentrated samples of the W and X (fresh or 8 week aged) Queso Chihuahua samples were analyzed by MALDI-TOF/ TOF-MS mass spectrometric methods to identify short peptides that possibly contributed to flavor and/or texture of product. The fresh W sample contained peptides corresponded to derivatives of bovine β-casein and α S1 -casein (Table 1) , while the X sample showed much larger proportion of peptides corresponding to κ-casein as well as fragments corresponding to α S1 -casein breakdown ( Table 2) . The remaining band(s) at 25-30 kDa in the SDS-PAGE gel of the X sample at 8 weeks also supports this observation, corresponding to intact β-casein (molecular weight 25 kDa), and other degraded casein subunits. Overall bitterness can be correlated to hydrophobicity of peptides generated in cheese matrices and, specifically, the breakdown of α s1 -casein and β-casein into small hydrophobic peptides has been shown to influence the bitterness in many cheeses (Gomez et al. 1997) . Therefore, the protein fragments identified in the W sample (corresponding to α s1 -casein and β-casein proteolysis) relative to the H71X sample (corresponding to κ-casein and α s1 -casein proteolysis) are likely to play a role in the overall flavor profiles of these cheeses, particularly the fragments derived from κ-or β-casein.
Quesos Chihuahua are typically consumed within 30 days. Monitoring the proteolysis up to 8 weeks of aging provides insight into the degradation process that may take place within the cheese matrix. Unraveling this may help in determining which components involved in flavor and texture generation of cheeses. Several peptides that influence flavor have been identified and reported (Ney 1971; Clegg et al. 1974) . A number of short glutamate-rich peptides, with molecular weights (MW) less than 1000 Da, were found in Manchego cheese varieties to impart umami tastes (Gomez-Ruiz et al. 2007) . A series of peptides that contribute to kokumi (heartiness or mouthfulness) flavors associated with aged steaks and cheeses (Toelstede et al. 2009 ) and peptides originating from α s1 -casein and β-casein that are associated with bitter flavors (Toelstede and Hofmann 2008) have been isolated from Gouda cheeses.
Interestingly, some bitter peptide sequences observed in Gouda cheese have also been identified in the present study. Specifically, fragments containing IPPL within the sequences, identified in Gouda as slightly bitter tasting peptides, were observed in the fresh W cheese. A number of bitter flavor . It is possible that such peptides were present in fresh cheese, but in quantities that are too small to be analyzed. One of the peptides in the W cheese containing the IPPL sequence has a mass of 965.6 Da. The spectral window for sample analysis in this study ranged from 800 to 4000 Da, and the ability to detect very short peptides like IPPL is limited.
Peptide fragments smaller than 800 Da containing the IPPL or other similar sequences may be present that could not be detected. The presence of the IPPL sequence in the larger peptides identified suggests that further study of smaller MW fragments in these samples may reveal the presence of dipeptides, tripeptides or other short peptides that may also contribute to flavor. Lactic acid bacteria (LAB) are used as starter and adjunct cultures in cheese making for controlled acidification and the development of organoleptic qualities through their proteolytic and/or lipolytic activities. A number of bacterial strains were identified from the Quesos Chihuahua used in this study; the W and Y cheeses possessing higher bacterial load than the X and Z samples (Renye et al. 2011) . In the present study, there seems to be a correlation between numbers of bacterial isolates found in these raw milk cheeses with the degree of proteolysis observed. This is supported by the extent of protein degradation seen in the X and Z samples (Fig. 1) compared to those of the W and Y cheeses. The latter two cheeses (W and Y) were associated with higher bacterial counts.
Traditional cultures such as Lactococcus lactis ssp. lactis and Streptococcus thermophilus were isolated along with other bacterial species like Leuconostoc mesenteroides (Rondinini and Bortolussi 1994) and Streptococcus macedonius (Georgalaki et al. 2000) , which can be used as adjunct cultures for flavor development. Enterococci, known to be highly proteolytic and lipolytic (Centeno et al. 1996) were observed in all four cheese samples. Enterococci can produce enterocins, antibacterial peptides (bacteriocins) that are active against LAB and/or food borne pathogens (Foulquie Moreno et al. 2003) . Bacteriocinproducing LAB may influence the taste and texture of cheese and may accelerate the rate of ripening through the lysis of nearby bacterial cells, releasing intracellular proteases (Morgan et al. 1997; Oumer et al. 2001; Garde et al. 2006) . Interestingly, the enterococcal strains detected in the cheeses studied in the present study were enterocinproducing (Renye et al. 2009 ). Although there is potential for using enterococci in food (Giraffa 1995) , currently they are not candidates for use as cheese cultures because they are opportunistic pathogens and resistant to antibacterial treatment (Klein et al. 1998) . Further studies on the LAB strains identified in Queso Chihuahua may divulge strains of enterococci that will potentially serve as food grade starter cultures in the production of pasteurized Queso Chihuahua.
Composition of Queso Chihuahua varieties
The composition and protein content of W, X, and Z Chihuahua cheeses were similar ranging from 40.39-40.75 % for moisture and 23.2 to 24.2 % for protein, while the Y cheese had higher moisture (43.02 %) as well as protein (30.2 %) content (Table 3) . However, the fat content of the W, X and Z cheeses samples were higher (32.1-34.5 %) than the Y cheese (27.9 %). The lactose content was highest (0.945 g/L) for X cheese, medium for W and Z samples (0.456 and 0.402 g/L, respectively), and least (0.158 g/L) for the Y cheese. The salt content of the cheeses ranged from 0.65 to 1.79 % NaCl. None of these measurements is drastically different from those values previously published for the moisture, protein, salt and fat content of Queso Chihuahua varieties (Olson et al. 2011 ).
Sensory analysis of Quesos Chihuahua
The flavor profile assessments were carried out for fresh cheeses only, corresponding with the time frame for normal consumption, and are presented in Table 4 . With respect to individual flavors (Drake et al. 2001) , overall the cheeses displayed consistent basic and young cheese flavors. The only aged flavor that appeared in all four cheeses was a free fatty acid taste. The panelists identified young flavors like cooked, whey, milk fat and diacetyl consistently in all four samples. The basic flavors, i.e., sour, bitter, salty and astringent, were also identified in all four cheeses. As expected, the X cheese, which displayed the highest salt content, was associated with maximum salty tast. These results confirmed that the cheese flavor profiles were consistent with previous published data on Queso Chihuahua (Van Hekken et al. 2006) .
Conclusion
This study has provided general characteristics of raw milk Quesos Chihuahua, as well as presented information pertaining to their overall flavor including the identification of milk protein degradation products that may potentially contribute. Future work with these cheeses will address the presence and identification of smaller molecular weight peptides (less than 800 Da) that may affect the cheese flavor. Production of Queso Chihuahua varieties using a single microbial culture will provide information as to how each strain affects proteolysis contributing to the desired taste and texture. These microbes will also be tested for the production of bacteriocins that may influence proteolytic patterns in cheeses, affecting its flavor. All of this information will aid in the development of a pasteurized milk cheese using food grade bacterial starter that mimics the taste and functionality of the Queso Chihuahua, permitting it to be sold and consumed in the U.S.
